Background Stroke mortality has been found to be much higher among residents in the stroke belt region than in the rest of United States, but it is not known whether differences exist in the quality of stroke care provided in Department of Veterans Affairs medical centers in states inside and outside this region. Objective We compared mortality and inpatient stroke care quality between Veterans Affairs medical centers inside and outside the stroke belt region. Methods Study patients were veterans hospitalized for ischemic stroke at 129 Veterans Affairs medical centers.
Introduction
A large body of research has demonstrated that stroke mortality is much higher among residents in the stroke belt region of the United States (1, 2) . The stroke belt region has traditionally been defined as including 11 states: Mississippi, Louisiana, Kentucky, Georgia, Tennessee, North Carolina, Alabama, South Carolina, Arkansas, Indiana, and Virginia (3) . Although higher death rates from stroke have been consistently observed in the stroke belt region for several decades (1, 2) , there is little agreement as to its underlying cause or causes (4) . It is not clear whether stroke belt exists within the Department of Veterans Affairs (VA) health care system, how much of the quality of stroke care in medical facilities vary according to their location within or outside the stroke belt, and whether care quality variation explains some of the variance in mortality (4) .
Several researchers have examined the quality of acute stroke care in individual stroke belt states such as North Carolina (5) and Georgia (6, 7) . In a recent study on quality of acute stroke care, Reeves et al (7) reported variations in eight performance indicators for acute stroke care between hospitals in Georgia and other non-stroke belt states (Massachusetts, Michigan, and Ohio). We found no literature reports that systematically compared inpatients stroke care performance between stroke belt and non-stroke belt states. The primary purpose of the present study is to compare post-admission mortality and inpatient stroke care quality between VA medical centers (VAMCs) inside and outside the 11-state stroke belt region.
Methods

Material and patients
This is a retrospective, observational study. Research data were obtained from an ischemic stroke care database that was developed as part of the VA Office of Quality and Performance (OQP) Stroke Special Project (8) . The OQP database consists of quality indicators, sociodemographic and clinical information for a national sample of 5000 veterans who were hospitalized for ischemic stroke at any of the 131 VAMCs during fiscal year (FY) 2007 (October 1, 2006-September 30, 2007). These patients were initially identified from the FY 2007 VA Medical sas Patient Treatment File by using high-sensitivity International Classification of Diseases (ICD)-9 codes for ischemic stroke (9) . The sample included 100% of cases at small volume VAMCs (Յ55 ischemic stroke admissions in FY 2007), and an random sample of 80% of cases at high-volume VAMCs (>55 ischemic stroke admissions in FY 2007). An extensive chart review was conducted by trained chart abstractors to verify the patients' ischemic stroke diagnosis and collect other clinical and process information during the patients' inpatient stay.
In this study, we excluded patients who did not have acute ischemic stroke as the primary diagnosis (n = 534), were already admitted for a non-stroke condition when the ischemic stroke event occurred (n = 200), were admitted only for post-stroke rehabilitation (n = 190), were admitted for elective carotid endarterectomy (n = 89), did not have an acute ischemic stroke ICD-9 codes (n = 22), and those patients who left against medical advice (n = 56). As a result, our final study sample consisted of 3909 patients at 129 VAMCs.
Outcome measures
Mortality
Mortality refers to all deaths that occurred within the initial 30 days and during the 12 months from the patients' stroke hospitalization admission date. Patient vital information was obtained from the Beneficiary Identification and Records Locator Subsystem (BIRLS) death file, a commonly used source for VA health care enrollees' vital status by VA investigators. Furthermore, the VA Medical sas inpatient data set was used to verify the findings from the BIRLS death file (10) .
Quality indicators
In-hospital stroke care quality was assessed using 14 quality indicators: dysphagia screening, documentation of the National Institute of Health Stroke Scale (NIHSS), thrombolysis (tissue plasminogen activator), antithrombotic therapy by hospital day two and at discharge, deep vein thrombosis (DVT) prophylaxis, early ambulation, fall risk assessment, pressure ulcer risk assessment, rehabilitation needs assessment using the functional independence measure (FIM), atrial fibrillation management, lipid management, smoking cessation counseling, and stroke education. A detailed description of the 14 indicators can be found elsewhere (11) . These indicators were developed by a multidisciplinary panel of VA stroke and performance measure experts based on evidencebased clinical guidelines for inpatient stroke care and existing performance measures developed by The Joint Commission (12) (13) (14) (15) (16) (17) (18) (19) . For each of the 14 quality indicators, a passing or compliance rate was calculated (the number of patients with the process of care present divided by the total number of eligible patients for each component of care).
Independent variable and other covariates
Independent variable stroke belt status was determined by the location of the VAMCs providing the inpatient ischemic stroke care. In other words, a VAMC was designated as a stroke belt facility if it was located within the 11 southeastern states (i.e. Mississippi, Louisiana, Kentucky, Georgia, Tennessee, North Carolina, Alabama, South Carolina, Arkansas, Indiana, and Virginia) (3). Otherwise, the VAMC was coded as non-stroke belt.
Risk adjustment
The covariates of interest for this study can be presented in two broad categories: patient characteristics and facility characteristics. Patient characteristics included age, gender, race-ethnicity, marital status, Charlson comorbidity index, the retrospective NIHSS, the modified Acute Physiology and Chronic Health Evaluation III (APACHE III) score, oxygen saturation, smoking status, code status, and pre-stroke ambulatory status. Information for these variables was obtained from the VA National Medical sas database as well as chart review from the electronic medical record.
In this study, race-ethnicity was categorized as Caucasian, Black, and all other. Marital status was coded as married, divorced, and all other. Charlson comorbidity index was used to assess the patients' medical comorbidity where the higher the weighted summary score, the more severe the burden of comorbidity (20) . The NIHSS, a stroke severity measurement, was calculated retrospectively from the admission neurological examination in the medical record. Stroke severity was categorized as mild (NIHSS Յ 2), moderate (NIHSS = 3-9), or severe (NIHSS Ն 10) (21) . The modified APACHE III score, a measure of overall disease severity and a predictor of an individual's risk of dying, was used to assess the admission clinical status of the patients (22) . Hypoxia was defined as either an oxygen saturation <90% or PaO2 <60 mmHg at any time during the first four-days of the hospital stay. Smoking status was classified as current smoker (any smoking in the year prior to admission) vs. other (no smoking or no documentation). Admission code status was classified as full code vs. other [e.g. do not resuscitate/do not intubate (DNR/DNI)]. The patient's level of independence prior to stroke was classified as either ambulatory or nonambulatory, with ambulatory defined as living at home without assistance, and nonambulatory being at home on bed rest or with assistance.
Facility characteristics included VAMC facility complexity. VA has classified all of its VAMCs as low, medium, or high complexity based on patient risk, level of intensive care, number of residency slots, amount of research dollars, and number of physician specialists (23) .
This study was approved by the Institutional Review Board and the local VA Research and Development Committee both at Indianapolis, Indiana, and Gainesville, Florida, United States.
Statistical analysis
All statistical analyses were performed using sas version 9·13 (SAS Institute, Cary, NC, USA). First, descriptive statistics were obtained on all the variables. Statistical inference (chisquare test on categorical variables and analysis of variance or Kruskal-Wallis test on dimensional variables) was performed to compare stroke belt and non-stroke belt VAMCs. Second, descriptive statistics for each quality indicator were calculated, and chi-square test was applied to compare each quality indicator between the two types of facilities. Finally, a multivariable logistic regression model was fit to examine the difference in 30-day and 12-month mortality as well as each quality indicator between the two types of facilities, adjusting for patient and facility characteristics as well as VAMC clustering factors. Given the large number of comparisons made in our final analyses, we used a Bonferroni correction (dividing the 0·05 significance level by the number of covariates), resulting in a significance level of 0·0042 for each of the quality indicator model.
Results
In Table 1 , we summarized the comparison of patient and facility characteristics between stroke belt and non-stroke belt VAMCs. Among the 3909 patients at 129 VAMCs, 28·1% received inpatient ischemic stroke care in the 28 (21·7%) stroke belt VAMCs and 71·9% received the inpatient care in the 101 (78·3%) non-stroke belt VAMCs. Patients who were admitted to the stroke belt VAMCs compared with patients at non-stroke belt VAMCs were younger (mean age 67·1 vs. 68·3), more likely to be married (47·4% vs. 42·2%) and Black (32·8% vs. 19·1%), had more severe strokes (mean NIHSS score 4·9 vs. 4·5), and were less likely to be ambulatory pre-stroke (91·3% vs. 94·1%). We did not find a significant difference in 30-day or 12-month post-admission mortality outcome between the patients in the stroke belt and the patients in the non-stroke belt regions (30-day mortality rate: 7·6% for stroke belt vs. 6·1% for non-stroke belt; 12-month mortality rate: 18·7% for stroke belt vs. 18·6% for non-stroke belt).
In Table 2 , we presented the number of eligible patients and the passing rate for each inpatient quality indicator, as well as the bivariate comparison for each indicator between the two types of VAMCs. There were statistically significant unadjusted differences in performance on eight of the 14 quality indicators. Compared to non-stroke belt facilities, stroke belt VAMCs had a significantly higher passing rate in dysphagia screening before oral intake (23·6% vs. 16·2%), documenting the NIHSS (29·1% vs. 24·5%), providing DVT prophylaxis (pharmacologic or mechanical) by the end of hospital day 2 (78·4% vs. 72·2%), providing smoking cessation counseling (97·2% vs. 92·4%), and documenting stroke education (20·6% vs. 14·1%). On the other hand, stroke belt facilities had a significantly lower passing rate than non-stroke belt facilities on three indicators: completing fall risk assessment by the end of hospital day 2 (75·9% vs. 78·9%), pressure ulcer assessment within 24 h before or after hospital admission (90·2% vs. 92·1%), and documenting patient FIM score as means of assessing rehabilitation needs (77·4% vs. 80·2%).
As shown in Table 3 , there appeared no significant difference in 30-day and 12-month mortality between the VAMCs located inside and outside the stroke belt regions, even after controlling patients' sociodemographics, stroke severity, and facility complexity. Other factors significantly associated with short-and long-term mortality included older age and severity measures such as NIHSS score, APACHE III score, comfort measure, and DNR/DNI. In addition, being Caucasian, diagnosed with hypoxia and low-level hospital complexity were also associated with 30-day mortality; heavier burden of comorbid conditions and pre-stroke admission independence at nonambulatory level were also associated with 12-month mortality, respectively.
We presented the results from our multivariable logistic regression analyses in Table 4 . For stroke belt facilities, the odds of providing smoking cessation counseling were three times [odds ratio (OR) = 3·3; 95% CI = 1·3-8·5] higher than at the non-stroke belt facilities, even after adjusting for patient and facility characteristics as well as VAMC clustering effect. It should be noted that although our smoking cessation consulting model showed a P-value of 0·0136 and adjusted OR of 3·3 (stroke belt VAMCs vs. non-stroke belt VAMCs), this significance, however, disappeared after Bonferroni correction. The rest of the seven significant bivariate differences were no longer significant after adjusting for the patient and facility level characteristics. The patient characteristics, which were significantly associated with the quality indicators, included patient pre-stroke ambulatory status, race-ethnicity, stroke severity, age, hypoxia, marital status, Charlson comorbidity score, and facility complexity.
Discussion
This is the first examination of whether a stroke belt exists within the VA health care system. We did not find evidence to support the concept of a stroke belt within the VA health care system either in terms of post-admission mortality or stroke quality of care.
Our finding that post-admission mortality was similar for patients cared for at stroke belt and non-stroke belt VAMCs differs with most non-VA research reports, which have found higher mortality rates in the stroke belt region (vs. non-stroke belt region) (1, 2, 24) . The difference between the VA and non-VA findings could be due to the unique characteristics of the VA health care system. The Veterans Health Administration under the Department of Veterans Affairs is an integrated health care system, with coordination of inpatient and outpatient care and administrative focus on consistent quality of care across the entire national system. The distinctive structure, administration, and clinical practice of the VA health care system may explain why geographic variation in mortality among the ischemic stroke patients was not observed across VAMCs.
In the unadjusted analyses, stroke belt VAMCs provided higher quality of care for five quality indicators (dysphagia screening, NIHSS, DVT prophylaxis, smoking cessation counseling, and smoking education) and lower quality of care for three quality indicators (fall risk assessment, pressure ulcer risk assessment, and rehabilitation consultation). After risk adjustment, however, stroke belt VAMCs were three times as likely to provide smoking cessation counseling and no other differences in quality of care were observed. Because we are unaware of any reports comparing stroke belt vs. non-stroke belt inpatient stroke care, we are unable to compare our findings to those outside the VA. Given that the proportion of patients who smoked was similar in stroke belt and non-stroke belt VAMCs (36·2% vs. 34·8%, P = 0·41), it is unlikely that a difference in the prevalence of smoking can account for the observed difference in the smoking cessation counseling process of care.
It should be noted that our chart review data were collected through remote review of patients' electronic medical records. Electronic records may sometimes not include information that is included in the paper chart. To ensure the quality of our data, the extracted data were sent to all VAMCs (which had access to the paper charts) for review, confirmation, and correction if needed.
In summary, we did not find a significant difference in either adjusted post-stroke mortality or inpatient quality of care between stroke belt and non-stroke belt VAMCs.
